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Introduction
Lung cancer (LC) represents the leading cause of cancer-related deaths in men and the second leading cause of cancer-related deaths in women in 2008 [1] . However, two Japanese studies [2] [3] reported that the prognosis of advanced non-small cell LC (NSCLC) patients, especially those with an EGFR mutation-positive subtype, could be improved considerably by epidermal growth factor receptor-tyrosine kinase inhibitors with median overall survival rates of 27.7 and 34.3 months, respectively. We recently reported an increase in the number of NSCLC patients receiving long-term chemotherapy [4] . Among the 185 outpatients receiving chemotherapy in this study, the median total duration of chemotherapy was 287 (range 28 -1815) days with 60 patients (32.4%) receiving fourth-line chemotherapy [4] . Additionally, long-term survival (defined as >5 years) was observed not only in NSCLC patients with sensitive EGFR mutations, but also in NSCLC patients without sensitive EGFR mutations [5] . In this study, 22 patients survived >5 years, including 9 patients (40.9%) with an EGFR mutation, 8 patients (36.4%) without, and 5 patients (22.7%) with an unknown EGFR mutation status [5] .
Since we frequently observe ≥ 100 LC-related deaths each year at our institution, our team is required to manage various symptoms (e.g., delirium) in end-stage LC patients [6] . Thus, the proportion of LC patients in our care with subcutaneously implanted central venous access device ports (CV-ports) has been increasing. These CV-ports are used to secure an infusion route for continuing chemotherapy (CC) or for providing palliative care (PC) [7] .
In patients with a variety of solid neoplastic diseases, outpatient chemotherapy is viable through the placement of a subcutaneously implanted CV-port and the use of a portable disposable pump [8] [9] . However, to the best of our knowledge, there have been no reports concerning the clinical course of LC patients with subcutaneously implanted CV-ports from the time of receiving chemotherapy to the endpoint of cancer.
Our previous study [6] demonstrated that the majority of patients at our institution have died during hospitalization. However, many terminally ill Japanese patients prefer to die at home [10] , and in 2013, the at-home death rate of patients with malignant neoplasms was reported to be 9.5% [11] . Therefore, we have actively promoted collaboration with regional clinics as our medical regional alliances for at-home PC. This has resulted in an increase in the at-home death rate among LC patients receiving at-home PC [7] . Moreover, in a previous study of ours [7] , the desire for an at-home death by both patients and caregivers was a strong predictor of the at-home death rate.
In the present study, we examined the clinical course of LC patients with subcutaneously implanted CV-ports from the time of receiving chemotherapy to the endpoint of cancer.
Materials and Methods

Study Approval
The study design was approved by the Institutional Review Board of the Osaka Prefectural Medical Center for T. Hirashima et al.
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Respiratory and Allergic Diseases (Osaka, Japan) on June 21, 2013 (Approval Number 643).
Patient Selection and Categorization
We retrospectively examined the medical records of patients who underwent subcutaneous CV-port implantation between June 1, 2008 and November 30, 2013 to secure an infusion route for CC in the CC group or for providing PC in the PC group.
Clinical Review
The clinical data of eligible patients were retrospectively reviewed. The eligibility criteria were as follows: 1) patients with histologically proven LC (small cell LC [SCLC] or NSCLC), 2) patients with subcutaneously implanted CV-ports, and 3) patients who received chemotherapy and/or PC at our institution. Patients with missing data concerning follow-up, chemotherapy regimens, and/or place of death were excluded.
Baseline demographic information including sex, age, histological subtype, Eastern Cooperative Oncology Group (ECOG) performance status (PS), and disease stage at the time of CV-port implantation was obtained for each patient. At the time of CV-port implantation, the following data were available for all patients: 1) complete medical history and physical examination findings, 2) surgical and pathological reports, 3) mediastinoscopy, fiberoptic bronchoscopy, and thoracoscopy findings, and 4) imaging investigation findings (chest radiography and computed tomography, brain computed tomography/magnetic resonance imaging, abdominal computed tomography, and bone scintigraphy/positron emission tomography).
Central Venous Access Device Port Implantation and Maintenance
CV-ports were implanted into LC patients by two surgeons. An indwelling catheter is normally inserted via the right subclavian vein on the lateral side under diagnostic ultrasonography guidance. If insertion via the right subclavian vein was considered difficult under ultrasonography guidance or on the basis of preoperative examination findings, the surgeons would attempt to insert the catheter via the left subclavian vein. Subsequently, catheter placement in the superior vena cava was confirmed using X-ray fluoroscopy imaging. If the surgeons experienced difficulty in positioning the catheter in the right or left subclavian vein, then the catheter would be placed in the right inguinal vein instead. The surgeons used a Groshong 8 F Single-Lumen CV Catheter and an M.R.I® Implantable Port (C. R. Bard, Inc., Summit, NJ, USA). CV-ports were punctured using a Huber-point needle for chemotherapy or for other purposes by a physician or nurse, respectively. The needle was flushed with saline and removed after infusion by a nurse or the patient's family doctor. Alternatively, the patients themselves could simply remove the needle. CV-ports were regularly flushed with saline at least every 4weeks even without intravenous infusion. The state of the catheter was regularly monitored using chest radiography obtained at a minimum interval of every 2 months. CV-ports were maintained until death or withdrawal due to complications or as per the patient's preferences.
Chemotherapy
The complete chemotherapy history of each patient was recorded, including the number of regimens and cycles, as well as the commencement and finish dates of each regimen. In this study, we included all anti-cancer regimens and cycles that were intravenously infused, but not those that were orally administered (e.g., epidermal growth factor receptor-tyrosine kinase inhibitors and S-1).
Survival
The survival time was defined as the interval (in days) between the date of CV-port implantation and the date of death or last follow-up. Survival data were last updated on November 3, 2014.
Regional Medical Alliances and the Implementation of At-Home Clinics
Our institution has been collaborating with 56 regional medical clinics for supportive/palliative care. Our institution's Regional Medical Liaison Office routinely refers appropriate at-home clinics to patients in need of such support. The majority of patients who accept a referral to a regional medical clinic receive at-home care. Consequently, some patients will die at home.
At-Home Death Rate
In this study, the at-home death rate was defined as the ratio of at-home deaths to the total number of deaths. In addition, we calculated the at-home death rate of patients in the PC group.
Statistical Analysis
The overall survival rates were estimated using the Kaplan-Meier method [12] . Patient background data were compared using chi-square and Fisher's exact tests for categorical variables. Patient treatment data were compared using Mann-Whitney U tests. All statistical analyses were conducted using the statistical software package R (R Development Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria. 2011; ISBN 3-90005-07-0, http://www.R-project.org/). All comparisons with a p < 0.05 were considered statistically significant.
Results
Patient Demographics
CV-ports were implanted into 132LC patients, including 90 men (68.2%) and 42 women (31.8%) with a median age of 67 (range, 36 -87) years ( Table 1) . Thirty-five patients (26.5%) were diagnosed with SCLC. There mainly 97 patients (73.5%) were diagnosed with NSCLC. An ECOGPS of 0 -1, 2 -3, and 4 was recorded for 59 (44.7%), 51(38.6%), and 22 patients (16.7%), respectively. Five patients (3.8%) had Stage I/II disease, 14 patients (10.6%) had Stage III disease, and 113 patients (85.6%) had Stage IV disease. Of the 132 enrolled patients, 79 (59.8%) had their CV-ports implanted to secure vascular access for CC (the CC group), whereas 53 (40.2%) had their CV-ports implanted for PC purposes (the PC group). The proportions of patients with SCLC and an ECOG PS of 0 -1 in the CC group were significantly higher compared to those in the PC group (p = 0.016 and p < 0.0001, respectively). Conversely, the proportion of patients with an ECOG PS of 4 was found to be significantly higher in the PC group compared to the CC group (p < 0.0001). Table 1 presents the number of regimens and cycles of chemotherapy provided to patients before CV-port implantation. The number of cycles in the CC group was significantly higher than that of the PC group (p = 0.006). Table 2 summarizes the chemotherapy regimens provided to LC patients in the CC group after CV-port implantation. There were no significant differences in the number of regimens or cycles between SCLC and NSCLC patients. After CV-port implantation in the CC group, SCLC patients frequently received treatment with amrubicin and platinum plus etoposide. Conversely, NSCLC patients frequently received treatment with docetaxel, platinum plus third-generation agents, and bevacizumab/pemetrexed-containing regimens
Chemotherapy before Central Venous Access Device Port Implantation
Post-Implantation Chemotherapy in the Continuing Chemotherapy Group
Overall Survival
As shown in Figure 1(a) (Figure 1(b) ). In the PC group, the MST was not significantly different between patients with NSCLC and patients with SCLC (MST [95% confidence interval]: 44 [30 -75] days vs. 50.5 [27-NA] days; p = 0.863) (Figure 1(c) ).
Complications Due to Central Venous Access Device Port Implantation
Nine (9.8%) of the 132 enrolled patients required withdrawal of their CV-ports owing to a suspected infection (N = 3), fibrin sheath formation (N = 3), both a suspected infection and fibrin sheath formation (N = 1), deep venous thrombosis (N = 1), or port-site skin damage (N = 1). The median duration from the first insertion to CVport withdrawal was 113(range, 23 -343) days. Of these 9 patients, 6 (66.7%) had their CV-ports re-inserted. None of the patients died from the CV-port placement procedure or CV-port related complications. 
Place of Death and At-Home Death
As demonstrated in Table 3 , 116(87.9%) of the 132 enrolled patients died of LC, including 64 patients (81.0%) in the CC group and 52 patients (98.1%) in the PC group. Twelve (10.3%) of the 116 deaths occurred at home, including 6 deaths (9.4%) in the CC group and a further 6 deaths (11.5%) in the PC group. The remaining 104 patients (89.7%) died in hospital. Forty (30.3%) of the 132 enrolled patients were referred by the Office of Regional Medical Alliances for at-home PC. The at-home death rate among these 40 patients was 30.0% (N = 12). The death rates among patients referred for at-home PC were identical (30.0%) in the CC and PC groups.
Discussion
In this study, we examined the clinical course of LC patients with subcutaneously implanted CV-ports from the time of receiving chemotherapy to the endpoint of cancer. In the CC group, SCLC and NSCLC patients continued to receive relatively long-term chemotherapy and achieved long-term survival after CV-port implantation. Our previous study [4] retrospectively demonstrated that long-term chemotherapy could prolong survival in advanced NSCLC patients who responded to first-line chemotherapy. Moreover, a recent study [13] prospectively demonstrated that pemetrexed continuation maintenance therapy was well-tolerated and offered superior overall survival rates compared toa placebo, further demonstrating that it was an efficacious treatment strategy for patients with advanced non-squamous NSCLC and a good ECOG PS who did not show progression during pemetrexed-cisplatin induction chemotherapy. Furthermore, the use of carboplatin and paclitaxel plus bevacizumab as a maintenance therapy was found to significantly prolong survival in non-squamous NSCLC patients compared to carboplatin and paclitaxel alone [14] . This finding was confirmed in a Chinese trial [15] . Therefore, as maintenance therapy with pemetrexed or bevacizumab could be a standard regimen for selected patients, techniques for administering maintenance therapy are needed and subcutaneously implanted CV-ports could be a very use- NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer. ful device for such a purpose. Conversely, most SCLC patients in Japan receive amrubicin as a second or thirdline chemotherapy. Our previous study [16] retrospectively demonstrated that a proportion of patients treated with amrubicin received long-term treatment. Because amrubicin can occasionally cause severe vasculitis, most physicians have concerns regarding vascular leaking or difficulty in securing an infusion route. Thus, the SCLC patients in our study had CV-ports implanted to secure an infusion route before, on commencement of, or after amrubicin treatment. In our study, patients with SCLC or NSCLC had similar or longer survival times than those patients receiving second-line chemotherapy in previous studies [17] [18] . However, in the PC group, the MST was only 44 days after CV-port implantation. Thus, CV-port implantation for PC should be performed after a more careful patient selection process than that described in the present study. The frequency of complications associated with CV-port implantation in the subclavian or inguinal veins was 6.8% with major complications including a suspected infection and fibrin sheath formation. Diagnostic ultrasonography guidance prevented pneumothorax and artery puncture during the CV-port placement procedure. Recently, Shiono et al. [9] reported that the complication rates associated with CV-port implantation in the subclavian vein and upper arm were 10.2% and 4.7%, respectively. Therefore, it was concluded that upper arm implantation might be better, while considering patient safety and comfort. However, in the present study, a complication rate of 6.8% was lower than that of the subclavian group, but higher than that of the upper arm group [9] . Therefore, we should consider the upper arm as an alternative insertion site. Since LC is strongly associated with thromboembolic events in patients with subcutaneously implanted CV-ports [19] , the insertion site of the CV-port should be carefully selected for LC patients.
The at-home death rate (10.3%) in this study was similar to the previously reported 9.5% in cancer patients in Japan [11] . However, cancer patients who die in hospitals or intensive care units are frequently associated with a lower quality of life compared to those cancer patients who die at home [20] . In Japan, the majority of cancer patients prefer to die at home rather than in hospital [21] . The at-home death rate in Japan is lower than that of other developed countries [22] . In this study, 40(30.3%) of the 132 enrolled patients were referred for at-home PC through regional medical alliances and among them, 30.0% died at home (N = 12). This finding suggests that CV-port implantation may lead to an increase in the number of patients receiving at-home PC. As a result, patients and caregivers may come to prefer an at-home death rather than a hospital death. Securing an infusion route through CV-port implantation may be useful not only for CC, but also for various PC purposes. The limitations of this study include its single center, retrospective design and the absence of control patients without subcutaneously implanted CV-ports. Therefore, it remains to be determined whether CV-port implantation is effective for oncological care. However, our findings are supportive of the conclusion of Shoino et al. [9] that subcutaneously implanted CV-ports may be used for multiple purposes and could contribute to secure, safe, and seamless oncological care from the time of receiving chemotherapy to at-home PC.
Conclusion
To the best of our knowledge, this study is the first to examine the clinical course of LC patients with subcutaneously implanted CV-ports from the time of receiving chemotherapy to the endpoint of cancer with the cooperation of medical regional alliances. Subcutaneously implanted CV-ports may contribute to seamless oncological care from the time of receiving chemotherapy to at-home PC. To confirm our findings, we will compare the quality of life of LC patients before and after CV-port implantation.
